Reaction of [UO 2 Cl 2 (THF) 2 ] 2 with 2 equiv of H N4 ( H N4 = 2,11-diaza [3, 3] (2,6) pyridinophane) or Me N4 ( Me N4 = N, 3] 
Introduction
The uranyl ion, trans- UO 2 2+ , is the most common fragment in uranium chemistry. It features short U=O bond lengths (ca. 1.78 Å), 1 and a trans arrangement of its two oxo ligands. Indeed, the O-U-O angle rarely deviates past 170. This fixed stereochemistry has been rationalized by the presence of appreciable uranium 5f z 3 and 6p z character within the O-U-O -bonding framework. 1, 2 In contrast to the ubiquity of the trans-uranyl fragment, the cis-uranyl ion is unknown, and all attempts to synthesize a cis-uranyl complex have been unsuccessful thus far. [3] [4] [5] [6] For example, reaction of Cp* 2 UI(THF) with KC 8 and pyridine-Noxide, in an attempt to generate cis-Cp* 2 UO 2 , resulted in formation of the pentamethylcyclopentadienyl dimer and "uranium oxides" (Scheme 1a). 7 Similarly, reaction of Cp' 2 UCl 2 (Cp' = 1,2,4-C 5 H 2 t Bu 3 ) with pyridine-N-oxide and KC 8 afforded a mixed-valent uranium oxo cluster (Scheme 1b). 8 Clark and co-workers attempted to enforce cis-oxo stereochemistry by ligating a tripodal ligand to the uranyl framework. However, reaction of 3 In these three examples, the formation of the desired cis-oxo complex was thwarted by either ligand oxidation or ligand decomposition, and suggests that the successful isolation of cis-uranyl will require the use of a robust, redox-inactive co-ligand.
While a cis-uranyl complex remains elusive, several cis-bis(imido) complexes are known, including cis-Cp* 2 U(NPh) 2 and cis-Cp 2 U(N t Bu) 2 . 4,9,10 Their higher stability, relative to the unobserved oxo analogue, is probably due to a greater reliance on -bonding within the [U(NR) 2 ] 2+ fragment, which diminishes the importance of the 6p orbital participation in the -bonding framework. 11 Similarly, Arnold and co-workers recently reported the isolation of (c) 0.5 + 2 bipy Scheme 1. Previous attempts to generate a cis-uranyl complex. Reaction (a) taken from Ref. 7 . Reaction (b) taken from Ref. 8 . Reaction (c) taken from Ref. 3 .
Drawing inspiration from the results of Clark and co-workers, we sought to coordinate a polydentate ligand, specifically a macrocyclic ligand, to the uranyl fragment to effect a trans to cis isomerization of the oxo ligands. Several researchers have previously explored the coordination of macrocycles to the uranyl ion. For example, Sessler and co-workers have demonstrated that the uranyl ion can fit within the binding pocket of the 20-membered pentaphyrin ligand. 22 With this large binding pocket there is no steric pressure placed upon the two oxo ligands, and, as a result, the trans configuration is observed experimentally. 22-24 6 In contrast, there are no known uranyl porphyrin complexes, likely because the uranyl ion cannot be accommodated by the binding pocket of the smaller 16-membered porphyrin core. 23 These observations suggest that coordination of uranyl to a small (≤16 member ring size) macrocycle could effect the desired trans/cis isomerization. Accordingly, we sought to explore the reactivity of the uranyl ion with the 12-membered macrocyclic ligands, H N4 ( H N4 = 2,11-diaza [3, 3] 39 and MnCl 2 ( Me N4) (73.5(1)°). 40 This difference can be rationalized by greater steric constraints placed upon the R N4 ligands by the uranyl fragment in complexes 1 and 2. 3 ]. In this example, the maximum displacement of one of the carbon atoms on the cyclopentadienyl ring is 1.494 (6) Å. 29 In an effort to strengthen (and shorten) the U-N bonds, and thereby decrease the O- However, X-ray quality crystals could not be grown from this solvent. 1.76(1) and 1.77(1) Å). 47 The other metrical parameters in 3 and 4, including the N pyr -U-N pyr angles, are comparable to those observed in 1 and 2.
In an effort to better understand the effect of coordinating the R N4 macrocycles to the uranyl fragment we turned to Raman spectroscopy. This technique has proven to be useful for probing the relative strengths of the U=O bond in the uranyl fragment. 48 Raman spectroscopic data for complexes 1 -4 are shown in Figure S11 ). Also observed in this spectrum is a singlet at 3.57 ppm, which is assignable to the two methyl substituents. Figure S13 ). 54 In addition, this spectrum also features a broad resonance at 5.76
ppm, which we have assigned to the NH substituent. As a result, we suggest that future studies focus on macrocycles with even greater rigidity, such as the "cross-bridged" cyclam ligands. 58, 59 Secondly, the coordination of an anionic macrocyclic ligand to uranyl, which would result in even shorter uranyl-macrocycle bonds on account of the greater electrostatic attraction to UO 2 2+ , should also better promote the desired trans/cis isomerization.
Experimental
General. UV-vis/NIR experiments were performed on a UV-3600 Shimadzu spectrophotometer.
Elemental analyses were performed by the Microanalytical Laboratory at UC Berkeley.
Raman Spectroscopy. Raman spectra were recorded on a LabRam Aramis microRaman system (Horiba Jobin Yvon) equipped with 1200 grooves/mm holographic gratings, and
Peltier-cooled CCD camera. The 633 nm output of a Melles Griot He-Ne laser was used to excite the sample, and spectra were collected in a back scattering geometry using a confocal Raman Microscope (high stability BX40) equipped with Olympus objectives (MPlan 50x).
Sample preparation was performed inside the glovebox: Pure crystalline solid samples were placed between a glass microscope slide and coverslip, sealed with a bead of silicone grease, and removed from the glovebox for spectral acquisition. seconds were used for complexes 1, 2, 2a, 3, and 4, respectively. Data collection and cell parameter determination were conducted using the SMART program. 65 Integration of the data frames and final cell parameter refinement were performed using SAINT software. 66 Absorption correction of the data was carried out using the multi-scan method SADABS. 67 Subsequent calculations were carried out using SHELXTL. 68 Complex 4 also contains a THF solvent molecule that exhibited positional disorder, which was address by modeling the molecule in two orientations in a 50:50 ratio. Disordered atoms were not refined anisotropically and were constrained with the EADP, DFIX, and FLAT commands. Hydrogen atoms were not assigned to these carbon atoms. A summary of relevant crystallographic data for 1 -4 is presented in Table 3 .
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Crystallographic details (as CIF files) and spectral data for compounds 1 -4. This material is available free of charge via the Internet at http://pubs.acs.org.
